Technical Standard Order-C87
-AIRBORNE LOW.RANGE RADIO ALTIMETER EQUIPMENT
Notice of Proposed Rule Making

Notice is hereby given that the Federal Avia-
tion Agency has under consideration s proposs!
to amend Part 37 [New] of the Federa! Aviation
Regulations by adding a new Technical Standard
Order (TSO) for Airborne Low-Range Radio
Altimeter Equipment. This TSO contains the
- minimum perfornnnce standards which such
equipment must meet in order for the manufac-
turer to identify it with the spplicable TSO
marking.

Radio altimeters are being de;xgned and de-
veloped at the present time and various operstors
have expressed an interest in such equipment.
Therefore, the Agency considers it appropriate
to provide a basis for the TSO-approval of these
altimeters.

Interested persons are invited to participate in
the making of the proposed rule by submitting
such written data, views, or arguments as they
may desire. Communications should identify the
docket number and be submitted in duplicate to
the Federal Aviation Agency, Office of the
General Counsel, Attention: Rules Docket, 800
Independence Avenue, SW., Washington, D.C.
20533. All communications received on or before
July 135, 1965 will be considered by the
Administrator before taking action on the pro-
posed rule. The proposal contained in this notice
may be changed in the light of comments re-
ceived. All comments submitted will be availa-
ble, both before and after the closing date for
comments, in the Rules Docket for examination
by interested persons.

In consideration of the foregoing, it is pro-
posed to amend Part 87 [New] of the Federal
Avistion Regulations by sdding a new §87.193
to read as follows:

$ 37.193 Airborne Low-Range Radio Altime-
ters—TSO-C87,

(a) Applicability. This Technical Standard -
Order prescribes the minimum performance
standsrds which airborne low-range radio sl-
timeter equipment must meet in order to be iden-
tified with the applicable TSO marking. New
models of the equipment which are to be 80 iden-
tified and which are manufactured on or after
the effective date of this section must meet the re-
quirements set forth in the Federsl Aviation
Agency standard entitled “Minimum Perform.
ance Standards For Airborne Low-Range Radio
Altimeters” dated August 4, 1964

(b) Markings.

(1) In addition to the markings specified in

g 37.7, the equipment must be marked to indicate
the environmental extremes over which it has
been designed to operate. There are six environ-
mental procedures outlined in the FAA document
“Environmental Test Procedures for Airborne
Electronic Equipment™ which have categories es-
tablished. These must be identified on the name-
piate by the words “Environmental Categons
or, as abbreviated, “Env. Cat.” followed dby six
Jetters which xdentxf) the categories designated
in the FAA document. Reading from left to
right, the category designations must appear on
the nameplate in the following order so that
they may be readily identified—

(i) Temperature-sltitude ecategory;

(i1) Vibration category;

(iii) Audio-frequency magnetic flald su-
sceptibility category;

1Copres may be sbtained wpon request addresend to Publichiag

and Graphics Divigien, Distridution Section, RQ-438, Foders!
Avistion Agency, Washingtea, D.C. 80833



\pﬂbcsvllc5¢
marked with both categories in the space desig-
nated for that category by placing one letter
above the other in the following manner: Env.
Cat. ABAAAX.
D

(¢) Data requirement~. In accordance with
§ 37.5, the manufacturer must furnish to the
Chief, Engineering and Manufacturing Branch,
Flight Standards Division, Federal Aviation

&is 1IMiSJ wRIy Bef® STTETTTE,

Issued in Washington, D.C. on March 25, 1965.

(d) Previously approved equipment. Alr-
borne low-range radio altimeter models approved
prior to the effective date of this section may
continue to be manufactured under the provisions
of their original approval.

This amendment is proposed under the author-
ity of Sections 313(a) and 601 of the Federal
Aviation Act of 1958 (72 Stat. 752, T75; 49
U.S.C. 1354, 1421).

&

Acting Director,
Flight Standards Service
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characteristics of the sirborne low-range radio altimetel WHIHE T

for its operation in applications which provide measured height sbove ter-
rain for clearance and landing data. The potentially diverse range of appli-
cations for this equipment precludes the precise definition of the term “low-
range”. It should be recognized that very limited capabilities may suffice
in some installations while other installations may require 8 broader range
of altitude (height) data.

The term “altitude” ghall be defined for the purpose of this standard
as height or distance from the terrain to the atimeter antennas.

Compliance with these standards is required as a means of assuring that
the equipment will satisfactorily perform its intended functions over a1l con-
ditions normally encountered in routine aeronautical operations.

The word “equipment” 85 used herein includes all of the components oF
anits necessary (as determined Ly the equipment manufacturer) for the
equipment to perform properly its intended function. For example, radio
altimeter uequipment” mAay include an antenna, 8 receiver-transmitter unit,
A power supply, and indicator unit, 8 shock mount, etc. In the case of this
example, all of the foregoing components 0T units comprise the “equipment’
It should not be inferred from this example, however, that all radio altimeter
equipment will necessarily include all of the foregoing components. This will
depend on the design used by the equipment manufacturer.

Inasmuch s measured values of radio equipment performance character-
jstics may be & function of the method of measurement, standard test condi-
tions and methods of tests are 8lso included in this standard.






14 GENERAL STANDARDS.

11 Rating of Components. The equipment sball pot
{ncorporste any component of such rating that, when the
equipment s operated throughout the range of the
specitied environmental tests, the rating established bF
the manufacturer of the component is exceeded. For
electron tubes and transistors, either the tube or tran-
sistor manufacturer's continuous commercial service rat-
ing. his established pulse rating. or bis lpproved rating
as gpp\led to the particular application, whichever 18
appropriate, shall apply, except for the hesters and fila-
ments. The voltage applied to the peaters and fillaments
of electron tubes shall be within 5% of the manufac-
turer's rating, or at 8 value approved by the tube manu-
tacturer for the particular gervice, when the equipment
is operated under standard operating conditions. When
the heaters and filarpents are connected in oeries, the
5¢. tolerance shall apply to the sum of their voltage
ratings.

12 Operation of Controls. The operation of controls
intended for use during Sight. st all possible position
corobinations and sequences, shall not resuit in 8 eon-
dition whose presence or continuation would be detri-
mental to the continued performance of the equipment.

18 4Aocessidility of Controls. Controls which are not
pormally adjusted in fiight shall not be readily accessi-
ble to flight personnel.

1.4 Efects of Tests. Unless otherwise stated, the ap-
plication of the specified tests shall produce no subse-
quently discerntble condition which would be detrimental
to the continued performance of the equipment

20 MINIMUM PERFORMANCE STANDARDS UN-
' DER STANDARD CONDITIONS.

The test procedures applicable to the determination
of the performance of airborne low-range radio altimeter
equipruent onder standard conditions are eet forth in

Table 1—Accurscy Requirements and Measurements and
Messurement Cenditions

Cotumn 2—
vertica! Column 1— Precision Equip
Altitude® Velocity Pilot’s wment Output
(Fro (Ft/8ec) Dispiry (Ft)

-8 to 100 0 to 35 =8 Ft =8 Ft

100 to 500 0 to 20 =5% =8%

SO0 to that 0 to 20 =1% =5%

altitude for

which the

equipment 18

designed

* That “one-wWAS' dlstance messured {rom the antenna to the
terrain.

Appendix A of this standard. Test Proceavi=n o=
provide equivalent information may be used.

21 4ccuracy of Pilot's Display. The altitude infor-
mation displayed for the pilot's use ahall not exhibit
errors in excess of those set forth in Column 1 of Tadle
1 for 859 of all observations conducted under any com-
bination of the measurement conditions listed with the
table.

MEASUREMENT CONDITIONS

1—Lateral velocities from O to 50 feet per second

2—Longitudinal velocities trom O to 300 feet per second

$—Pitch angle range of 0 to =15 degrees

4—Roll angle range of 0 to £20 degrees

s—Including all doppier shift and step errors associ-
ated with these conditions

&—Vertical velocity from O to 15 feet per second up
to 100 feet and 020 feet per second above 100 feet.

Further, the equipment shall continue to function and
provide altitude information which exhibits no errors in
excess of £20% of the indicated sltitude for 85% of
all observations At bank angles from 20 to 80 degrees.

22 Accuracy of the Precision Equipment Output. The
equipment need not provide as 8 condition of compliance
with this minimum performance standard & precision
equipment output for use in conjunction with autopilots.
fiight directors. or similar fight control computing Qe
vices. Howerver, the altitude data supplied bY such out-
puts, where provided, shall not exhibit errors {p excess
of those set forth in Colurnn 2 of Table 1 tor 95% of ali
observations conducted under any combination of the
weasurewent conditions listed in 21

23 Precision Equipment Output Noise. .
noise content of the data provided by the precision -
equipment output shall be less than 0.25 toot at all alti-
tudes up to 100 feet.

24 Time Constant. When the equipment 18 sbruptly
subjected to an altitude change of not more thas 10%
of the indicated altitode or 20 feet whichever is smaller
the transfer function time constant of the precision
equipment output shall not exceed 0.1 pecond. Further.
for transients of 20 feet or less at altitudes of 200 feet
or lews the systen shall not lose lock. 1¢ the equipment
should lose lock due to loss of signal at altitudas above
200 feet and up to the maximum altitude for which it i»
designed, it shall recapture the signal in less than one
second. )

28 Rate Data. The equipment peed DOt provide &
rate dats output as 3 condition of compliance with this
minimum performance standard. However, those alti-



where.

= altitude in feet
/t/ = absolute value of rate (feet/sec)

26 Failure Warning System. A fallure warning sys-
tem shall be Incorporated in the equipment to indicate to
the pllot and to any electronic systems which may be
otilizing the altimeter data the existence of a condition
of unreliability.

(a) Alarm Conditions

(1) The failure warning system shall alarm up-
der the following condition :

. {a) Loss of signal or altitude sensing informa-
tion due to excessive pitch or roll.

(d) When the indicated upper limit of the
equiproent range is exceeded. The flag or other alarm
indicating device may lag the upper limit by no more
than 500 feet.

(c) Loss of power.

(d) Loss of signal or altitude sensing informa-
tfon due to abnormality of equipment operation or sre-
tetn performance.

(2) Tbe systemn shall not alarm under the follorw-
ng conditions :

(a) When the equipment is operated under the
oaximum design altitude unless some abnormality of
quiproent operation or system performance results in a
oss or inadequate signal.

(d) When self test feature is operated gbove
‘he designed maximun altitude.

(b) Visual Alarin Indicator Characteristics.

(1) A flaz. if used. shall be made as large as
wactical, commensurate with the size of the face of the
ndicator and/or:

(2) When in the alarm condition, the indicator
winter, if used, shall be moved off scale and masked.
f a digital indicator is used, the digits shall be masked.

(3) The flag or other alarm indicating derice
Dall be plainly visible under all borma! flight deck
ighting conditions.

27 B8elf Test Feature. If a self test festure is pro-
rided. it shall test the electronic integrity of the trans-
nitter/receiver and associated instrumentation, includ-
ng the failure warning systern, while in flight and at
iny altitude at which the sircraft may be operated. It
s desirable, but pot mandatory, that the feature include
he signal loop. The self test feature shall not cause a
esponse in the autopliot and/or other systems utilizing
iitimeter data.

&8 Transmitting Operating Frequency. The trans-
nitter shall be operated within a frequency band avail
ible for the operation of airborne radio altimeters in
he Aeronautical Radio Navigation Service and in ac
ordance with applicadble Feders! Aviation Agency and

eter equipment under environmental conditions are set
forth in the FAA Document for “Environmental Test
Procedures for Airborne Electronic Equipment”, dated
August 31, 1962

&1 Temperaturc—Altitude

(a) Low Temperature—When subjected to this test :

(1) The requirements of paragraphs 2.8 and 2.6
shall be met.

(2) The requirements of paragraphs 2.1 and 22
shall be met using the procedure set forth in 2.2 of Ap-
pendix A.

(8) All mechanical devices shall perform their in-
tended functions. :

(b) High Temperature—

(1) When the equipment is operated at the High
Short-Tirme Operating Temperature:

(e) Tbe requirements of paragraphs 2.1 and 22
shall not be degraded by more than a factor of 2 from
the values set forth using the procedures set forth in
2.2 and 2.8 respectively, of Appendix A.

(d) The requirements of paragraph 2.6 shall be
met. :

(c) All mechanical devices shall operate satis-
factorily.

(2) When the equipment is operated at the High
Operating Temperature:

(a) The requirements of paragraphs 2.8 and
2.6 shall be met. )

(b) The requirements of paragraphs 2.1 end
2.2 shall be met using the procedures set forth in 2.2 of
Appendix A.

(¢) Decompression (Applicable only to Category D
equipivent of Tempersture-Altitude Test)—Wbhen the
equipment is subject to this test:

(1) The requirements of paragraphs 21 and 238
shall be met using the procedures set forth in 2.2 and 238.
resypectively, of Appendix A.

(2) All mechanical devices shall perform thelr in-
tended functions.

(d) Altitude—When the equipment s subjected to
this test:

(1) The requirements of paragraphs 28 and 2.8
shall be met. :

(2) The requirements of paragraphs 2.1 and 22
shall be met using the procedures set forth in 22 of Ap-
pendixz A.

32 Humidity. After subjection to this test and:

(a) Within 15 minutes from the time that primary
power is applied:

(1) The requirements of paragraph 2.6 aball be
met.

(2) All mechanical devices shall operste sstis-
factorily.

J



shall De et

(2) The requirements of paragraphs 2.1 and 22
shall be roet using the procedures set forth in 2.2 of
Appendixz A.

(b) Following the application of the Crash Safety
Shocks., the equipment shall bave remained in its mount-
ing and no part of the equipment or its mounting shall
have become detached and free of the shock test tabdle
or the equipment under test.'

34 Vibration. When subjected to this test:

(a) The requirements of paragraphs 2.3 and 2.8
shall be met.

(b} The requirements of paragrapbs 21 snd 22
shall be met using the procedures set torth in 2.2 of
Appendix A.

88 Temperature Variation.
test .
(2) The requirements of parsgraphs 23 and 28
shall be met.

(b) All mechanical devices shall perform thelr In-
tended functions.

$.6 Pover Input Vuriation.
test .

(a) The requirements of paragraphs 23 and 26
shall be met.

(b) All mechanical devices shall perform their {n-
tended functions.

87 Low Voltage.

(a) When the equipment is subjected to the first
part of the low voltage test procedure set forth in 92a,
of Environmental Test Procedures for Airborne Elec-
tronic Equipment document.

(1) The equipment shall operate electrically and
mechanically.
(2) The requirements of paragraph 2.6 shall be

When subjected to this

When subjected to this

met.
(b) When the equipment is subjected to the second
part of the low voliage teat procedure set forth in
————

1 The application of this test ay result in damage to the
equipment under test Therefnre, it wmay be conducted after the
other tests are completed

or smoke. !

88 Conducted Voltage Transient.

(a) Subsequent to the subjection of the intermit-
tent transient test, the requirements of paragraphs 21
and 2.3 shall be wet uxing the procedures set fortd in
2.2 of Appendix A.

(b) When being subjected to the repetitive trap-
sient test the requirements of paragraphs 28 and 28
shall be met. .

19 Conducted Audio-Frequency Susceptididity. When
subjected to this test:

(a) The requirements of paragraphs 23 and 2¢
shall be met.

(b) The requirements of paragraphs 2.1 and 22
shall be roet using the procedures set forth in 22 of
Appendiz A.

310 Adudio-Frequency Moagnetic Field Busceptidility.

When subjected to this test:

(a) The requirements of paragraphs 23 and 26
shall be met.

{(b) The requirements of paragraphs 21 and 22
shall be met using the procedures aet forth in 22 of
Appendiz A. .

311 Radio-Frequcncy Susceptidility (Radiated and
Conducted). When subjected to this test:

(2) The requirements of paragraphs 28 and 28
shall be met.

(b) The requirements of paragraphs 2.1 and 22
shall be met using the procedures eet forth in 22 of
Appendix A.

312 Ezplosion (When Required). During the sp-
plication of this test the equipment shall not cause de-
tonation of the explosive mixture within the test
chamber.

318 Emission of Radio-Freguency Energy. The
levels of conducted and radiated spurious radio-fre
gquency energy emitted by the equipinent shall not ex-
ceed those levels specified in Appndis A to the Federal
Aviation Agency document, «Environmental Test Pro-
cedures for Airborne Electronic Equipment”, dated
August 31, 1962, for the sircrafy categors for which the
equiproent is designed.






0 TEST CONDITIONS.

The following definitions of terms and conditions of
4t are applicable to the test procedures specified here-
1.1 Power [Input TVoltuge-Direct Current. Uniess

:herwise specified, when the equipment is designed for
seration from a direct current power source, all meas-
rerents shall be conducted with the power Input
sltage adjusted to 13.5 volts, =29 for 12-14 volt
quipment, or to 27.5 volts, =2¢ for 2428 volt equip-
vent. The input voltage shall be measured at the re
eiver power input terminals.

12 Powver Input Voltage-Alternating Current. Un-
»33 otherwise specified, when the equipment is designed
or operation from an alternating current power source
Il tests shall be conducted with the power input voitage
djusted to design voltage =2¢%. In the case of equip-
sent designed for uperation fros A power source of
ssentially constant frequency (e.g., 400 ¢.p.s.), the input
requency shall be adjusted to design frequency =2%.
n the csse of equipment designed for operation from
. power source of variahle frequency (e.g.. 850 to 1,000
“].S.), tests shall be conducted with the input frequency
djusted to within 55 of a selected frequency within
he range for which the equipruent is designed.

13 Adjustment of Equipment. The circuits of the
squipment under test shall be properly alined and
stherwise adjusted In accordance with the manu-
acturer's recommended practices prior to the applica-
ion of the specifies] tests.

14 Ambient Conditions. Unless otherwise specified,
1l tests shall he conducted under conditions of ambient
-oom temperature, pres<cure, and humidity. However,
‘he room temiperature shall be not lower than 10°C.

15 Warmup Period. Unless otherwise specified, all
exts shall he conducted after a wannup period of not
ess than fifteen (13) minutes

1.6 Description of Test Equipment.

(a) Altitude Simulator. The altitude simulator
consists of variable and fixel RF attenuators, and
coaxial cables or other suitable delays to simulate the
various altitudes. The ximulator must accept the 8l-
timeter energy. attenuate and delay this RF energy and
present the delayed signal of the altimeter receiver.
The test equipment must also include provisions to
simulate the cross-coupling which exists between sepa-
rate transmitter and receiver antennas. The simulator
ghould be calibrated to provide the desired altitude of
an sccuracy of better than 1% and the appropriate at-
tenuation to within =25 db. The variable attenuator
chall be calibrared in radar cross-section [o,(0)]* be-
tween the values o 1.003 snd 1.0

*Defined 1n Appendix B

(b) Digital Voltmeter.
(¢) AC YTVM.

(d) Demodulator. The Demodulator consists of &
synchronous detector excited by an a.c. reference volt-
age. The bandwidth of the Demodulator should ex-
ceed 5 cps Ripple rejection should exceed 80 @.
Means to set the Demodulator gain to unity should
he provided. JMeans to balance the Demodulator output
to zero should be provided.

(e) Filter. See Figure 2 or 8.

(f) Alarm Signal Monitor. The - Alarm Signal
Monitor consists of a simple Indicator such as a pllot
lamp.

(g) Remodulator. The Remodulator is an elec-
trenic or electromechanical switch excited by an ac
reference voltage. It converts low frequencies to sup-
pressed carrier modulation where the carrier frequency
{s the a.c. reference voltage. Means to set the Remodula-
tor gain to unity should be provided.

20 TEST PROCEDURES.

The test procedures set forth herein are sastifactory
for use in determining the performance of airborne low-
range radio altinueters. Test procedures which provide
equivaient information may be used.

21 Adccuracy (In-Flight).

(a) Altitude Information. With the equipment fo-
stalled in an aireraft, operate the equipment in fight
over & runway or other mnooth surface at altitudes and
descent rates in accordance with paragraph 2.1. Deter-
mine the true altitude of the aircraft by theodolite or
other means and compute the accuracy of the altitude
information from the altimeter. Extrapolation of the
test data by theoretical means, from the results so ob-
tained, is permissible in order to demonstrate compli-
ance with the standards in paragraphs 2.1 and 22.

(h) Altitude Rate Information. With the equip-
ment installed in an aircraft, operate the equipment o
flight over a runway or other smooth surface st alti-
tudes and descent rater in accordance with paragraph
2% Determine the true descent fate of the atreraft and
compute the accuracy of the altitude rate information
froms the altimeter. Extrapolation of test data by
theoretical mesnns, from the results so obtained, is per-
mizsible in order to demonstrate coinpliance with the
standards in parngraph 2.5

22 Altitude dccuracy end Loop Gain.
ta) Equipment Required:
Altitude Simulator
Digital Voltmeter
or AC VTVM
Flag Monitor



tion should remain within 1ne RIS 5= E00
ter can lose track and Indicate fail for [o,(0)] be
low 0.01.

Adjust tbe altitude simulator to another aititude and
repeat the above measurements. Note in Appendix B
s Qifferent total attenuation is required to permit the
raday cross section [e,(0)] dial to remain in calibration.

28 Altitude Noise.
(a) Equipment Required:
Altitude Simulator
. Digital Voitmeter
Remodulator
AC VIVM
Filter

PEBITS |y W= E
24 Time Constant.

(a) Equipment Required:
Altitude Simulator

(b) Test Procedure. Couple the radio altimeter to
the altitude siwulator. Set the altitude simulator to &b
equivalent altitude of 100 to 200 ft. Insert a change
in the delay equivalent to 105 of the indicated altitude.
The anulog output of the altimeter shall be observed
and shull reach 83% of the ultimate change in 01
seconds or less with less than 5% overshoot. Con-
sideration must be given to the time require for switch-
ing the delay in and/or out in the above measurement.
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0 DEFINITION OF EAILZRAAL LUME HEE=

In the useful signal path, le, transroittting antenns to
‘round to receiving antenna, the External Loop Loss 18
jefined for average power in W systems and peak
yower in pulse systems.

The external loop loss Is the ratio of the available
sower entering the receiving antenna aperture to the
sower leaving the transroltter antenna aperture.

20 CH.ARACTERISTICS OF EXTERNAL LOOP LOSS.

The loss defined above is independent of antenna and
transmission line losses, inefficiencies, and mismatches.
It deals only with the georetric power gain, (G). the
beam patterns of the antennas, and the characteristics
of the ground. Further, it is independent of the signal
processing characteristics of the altirueter and may be
measured, essentislly, with an attenuator only.

30 EXTERNAL LOOP LOSS, BEAM LIMITED CASE.

The basic formulation for external loop loss depicts
a bearn limited case in which it is assurued that trans-

roitting and receiving apertures are identical. The an-
alytical expressions for this cnse is:
Gile (OWF Ao (OVF 31
L= Trw = #@H

where G is the power gmin of either antenna (defined
in terms of the actual beam pattern). A is the wave
jength. H is the altitude, o, (O) 18 the vertical incldence
unit seatrtering radar cross section of the ground, and F
is a normalized function of H. Limitations on roll and
pitch under 100 feet of altitude and the effect of finite
ceparation of transipitting and receir.ng antennas is
accounted for hy F. A is defined as G)\*.

4n

4.0 EXTERNAL LOOP LOSS, PULSE LIMITED CASE.
In the puiced altimeter, the external loop loss is ge
scribed by Eq. (3.1) below the critical altitude, Le. that
altitude ahove which the perforinance is pulse limited.
Defining the critical aititude. H_. as
“i
H = T 4.1
where ¢ iz the velocity of light and 7 ix the pulse jength.
The external loop loss is defined above H_ by extending
the ioss, .
Gilo (OHF
ki A
16 x H'
according to a 1/H law.

F(H) =
31 MH)
The function M(H) takes care of the fact that piteh
and roll maneuvering becomes progressively limited for
altitudes below 100 feet. The choice for 0,(0) Includes
margin for pitch and roll to the 3 &b limits of the
beammwidth for sititudes above 100 feet. It Is expected
that at 8 feet of altitude, however, pitch and roll will be
very limited and well within the 3 db beam limits. Ao
conlingly, It is proposed to decrease the required loop
Joss by 0 b at 100 feet and G db st 3 feet, the variation
between 3 feet and 100 feet to the linear in db, Le.

M(H) V*(H)

10 log M(H) = H + 6-32- 82
32 Vo(H)

This quantity tukes care of the effects of antenns

xpucing.
Heow=ta—a V1 < a’)

. - < <
Ve T X1+ a'tan' 8,) 572 0tex1, 53
where,
. v . nd
@<= 2Hun§,

D is the antenna spacing. and
2 8, is the beamwidth.

¢0 CURVES OF EXTERNAL LOOP LOSS.

Al that remains is to wmake a choice tor o,(0) such
that the resuiting external loop loss calculated 1s just
sufficient to ineure reliable operation over all terraln
even for pitch and roll maneuvers out to the 8 db beam-
widths. A considerable amount of data sccumulated
for both pulse and F)M/CW altireters in the 42004400
mc region involving many fiight tests over a wide va-
riety of terralin and practical problems of adjustment,
maintenance and calibration of radio altimeters indicates
a choice of

0,(0) = 6 x 103 el

With respect to WAKINg 2 choice for the 1600-1660
me range, it cannot be done on the basis of estensive
flicht darta. Accordingly, it will be necessary to extrs-
polate from the 4°00—+400 me data. The trend of change
of o,(8) with frequency is sio® 0,(0) tending to de
crease with frequency but o,(8) tending to VAry more
slowly with @ as the frequency decreases. The first
effect definitely Increases loop loss. the second effect
tends to decrease loop loss. In the absence of data t0
the contrary, the two effects can be assumed to cancel
each other and that one MAY then choose the same
calue of 6,(0) for both freqQuency ranges. The curves
which follow are based on this assumption.
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1.0 Purpose. This report sets forth Environments!
Test Procedures applicable to sitbornie electronic equip-
ment. The purpose of these tests is to provide & labora-
tory mesns of determining the performance characteristics
of the cquipment under conditions representstive of those
which may be encountered in actual seronsutical opersa-
tions.

2.0 Definition of Terms.

2.1 Equipment Temperature Stabilization.
Equipment temperature stabilization is that condition
wherein (1) the tempersture of the largest iniernsl mass is
within £3° C. of the specified value when the equipment
is not operating, of (2) the crest temperatures of the largest
internal mass do not differ by miore than s° C. when the
equipment is operating.

2.2 Mazimum Duty Cycle. Maximum duty evele
is the relationship between the maximum length of time
for which an equipment is designed to deliver its rated
output power and the length of ume during which “stand-
by power only maY be applied when such “ON-OFF”
operation is penodic.

2.3 Not Operating. Not opersting is that condition
wherein no power i~ applied to the cquipment.

2.4 Controlled Temperature Location. Controlled
tewperature locatiun j» 3 apace within an aireraft in which
the temperaturc of the sir is maintained, either manuslly
or automsutically, within the limits specificd in the appro-
priate category of Table 1 of paragraph 4.0, Temperature-
Altitude Test.

3.0 Conditions of Test.

3.1 Connection of Equipment. Connect the equip-
ment mechanically and clectricaily as recommended by the
manufacturer, including any cooling provisions, to the
extent necessury 10 make such tests and mecasurements 84
are requ red to determine complianee with the applicsbic
standards of paragraph 3.0, * Minimum Performsnce
Standards under Environmental Test Conditions™, of the
sppropriste F.AA sirborne electronic equipment Minimum
Performnance Standards.

3.2 Order of Tests. The tests may be conducted in
any desired order, with the exception that the humidity
test shall not be conducted prior to the tewmpersturc-
altitude and the vibration tests. The purpose of this
exception is to determine whethet materials nsed to proteet
circuit clements froin moisture have lost their protective
function due to deterioration from exposure to cither ox-
treme temperatures ov 1o vibration.

3.3 Measurement of Temperature of Air in Test
Chamber.

¢. The temperature of the air in the test chamber
shall be messured at such 8 location within the test cham-
ber that the temperature of the air 0 measured its repre-
sontative of that inmediately aurrounding the equipment.
Measurement of chamber wall temperature is not suitshic,

due to temperstulit i&g U= T
chamber wall.

». Means of circulsting the air in the test chamber
may be emnployed to spproximste & uniform air tempers~
ture condition throughout the chamber. When such
means are employed, the air blast shall not be directed
upon the equipment under test.

3.4 Ambient Room Temperature. When tests are
conducted under “ambient room temperature’’, the am-
bient room sir tempersture shall be between + 10° C. snd
+40° C.

3.5 Power Input Voltage. Uniess specified other-
wise, all tests shall be conducted with the power input
voltage sdjusted 10 design voltage +2%%. Theinput volt-
age shall be measured st the equipment power input
terminsls.

3.6 Power Input Frequency.

s. In the case of equipment designed for operstion
{rom an a.C. power source of essentially constant frequency
(e.g., 400 c.p:s.), the input frequency shall be sdjusted to
design frequency &2, unless otherwise specified.

b. In the case of equipmient designed for operation
from an a.c. power source of varisble {requency (e.g., 300
to 1,000 ¢.p.s.), tests <hall be conducted with the input
frequency adjusted to within 5% of & sejected frequency
and within the input power frequency range for which
the equipment is designed, unless otherwise specificd.

4.0 Tcmpercturc-.uti!ude Test. Several remper-
aturc-altitude test procedures &r¢ specified,! according to
the catcgory for which the equipment is designed to be
used, as follows:

Category A—Equipment intended for installation in
nonpressurized aud noncontrolicd temperature locations
in sircraft which operate at slititudes up to 45,000 feet
m.sl

Category g—F.quipment intended for instaliation in
nonprc»urized and noncontrolicd tempersture locations
in aircraft which operstc at altitudes up to 30,000 feet m.s.l.

Cstegory C—LEquipment intended for instaliation in
nonprcsmrizcd and noncontrolled temperature locations
in sircraft which operste st altitudes up to 20,000 feet msl.

Category D—Equipment intended for installation in
controlled temperature and prc»urizcd locations in sire
eraft in which the pressurcs arc 1O jower than that which
is equivslent to an altitude of 15,000 foct m.s.l.

Catcgory E—Equipment intended for inctallation in
nonprcssurizcd but eontrolicd temperature locations in
aircraft which operste at altitudes up to 20,000 feet m.s.l.

Category F—Equipment intended for instaliation in
nonpressurized put controlled tempersture locations in
aircraft which operste 8t altitudes up to 12,000 fect ms.l.

—————

' The tcmwnmr\--:lmn'lt teat and the temperature cartation test may
e comineg, If desired, Se¢ parsgraph 3.1, Alwrnate Test Procedure.
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»perate the equipment st maximum duty eycle for s period
»f 18 minutes, beginning with the “ON’" cycle in the case of
squipment designed for intermittent duty service. Main-
Ain the temperature of the sir in the test chamber within
3* C. of the Low Operating Temperature of Table 1. De-
ermine the compliance with the applicable standards of
sarsgraph 3.0 “Minimum Performance Standards under
Environmental Test Conditions” of the appropriste FAA
sirborne electronic equipment Minimum Performance
Standards?

4.2 JTest Procedure (High Tempersture).

6. At ambient room pressure, with the equipment not
>perating, stabilize the equipment temperature to within
3° C. of the appropriate High Not Operating Tempersture
of Table 1. After 30 minutes, adjust the test chamber air
temperature to within 3* C. of the High Short-time
Operating Temperature specified in Table 1.  Operate the
squipment st maximum duty cycle for 30 minutes.
Determine compliance with the applicable standards of
paragraph 3.0, “Minimum Performance Standards under
Environmental Test Conditions", of the appropriate FAA
airborne electronic equipment Minimum Performance
Standards during this 30-minute period.

* This 13 not {ntended to be s temperature shock test  The rate a2 which
the tempersture of the equiptnent under test i reduced from smbient tothe
appropriste Low Not Opersting Temperature speciSied in Teble ! ts optional.

8 Optionally, the tests specified tn this paragraph (4.1.) may be commenced
with the (nitis! tempersture of the equipment st any value between the ap-
propriste Opersting snd Low Not Opersting Temperstures specified L0
Tedls 1.

J WweW e w weITE AW Ae e TEEe Cg T nE e T e e e e e

standards of Paragraph 3.0, “Minimum Performan
Standards under Environmental Test Conditions’’, of the
appropriste FAA airborne electronic equipment Mipimum
Performanece Standards.

43 Test Procedure (Altitude).

s. Operate the equipment at maximum duty eyele.
Decrease the atmospheric pressure to within §% of the
appropriste Test Altitude specified in Table 1. Conduet
this test st ambient room temperature. Determine
eompliance with the applicable standards of Paragraph
3.0, “Minimum Performsnce Standards under Environ-
menta! Test Conditions”, of the appropriate FAA airborne
electronic equipment Minimum Performance Standards.

d. This test s intended for application oniy to
Csategory D equipment. With the equipment operating
ot the Test Altitude specified in Table 1, reduce the stmos-
pheric pressure 10 that equivalent to the Decompression
Test Altitude specified in Table 1. This reduction in
pressure shall be effected within a time period not to exceed
15 seconds. Maintain this reduced pressure for at least
10 minutes, then increase the pressure to that equivalent
to the Test Altitude specified in Table 1. Conduct this
test at ambient room temperature. Determine complisnce
with the applicable standards of paragraph 3.0, “Minimum
Performance Standards under Environmental Test Con-
ditions’, of the sppropriste FAA airborne electronic
equipment Minimum Performance Standards.

TABLE 1. ALTITUDE-TEMPERATURE CRITERIA

Coxprrion Cat. A Cat. B Car. C Cat.D Cat. B Cat. 7
Mazimum Opersting Altitude 4, o’ 0, 00 20, 000° 15, G0* =n. 0 12, 600"
Test ARRtude 28, 0’ 28, 000° a8, 900" =0, oo 8, o’ 18, o0
Decompramior Tust Altitode 40, 80° covenses | ecccesce
Not Operating l lLow -@* C. -0 C. -3 C. -0 C. -4 C. -0 C.
Tamparsiure

| Ber | +ncc. | +mec. | #nec. | 4mrc. | 4mtc. | #ncC.

Short-Tims Opersting Higd Tempar-
ature +Nn°*C. +Nn*C. +Nn* C +r C. +®° C. 5 C.
Opsrating Temparsture | low -y* C. -4t C. - C. -18* C. -15*C. -15°C.
' Bigd +88°C. +85° C. +58* C. +33° C. +40° C. <+ C.

*The Marizum Operating ARituds and Tex ARitude of Category D esquipount repremnt stmospbers

established by Pressurisstsn .
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standard primary test voltage(s) to the equipment. Allow
fifteen minutes following the application of primary
power for the equipment to warmup. Immediately
following the warmup period, determine compliance
with the applicable standards of paragraph 3.0, ““Minimum
Performance Standards under Environmentsl Test Con-
ditions” of the appropriate FAA asirborne electronic
equipment Minimum Performance Standards.

6.0 Shock Test.
6.1 Operational Shocks.

6. Secure the equipment to a shock table by the
mounting means intended for use in service installations.
Apply to the shock table, with the equipment mounted
in esch of the following six positions, three shocks each
having s peak acceleration of st least 6G and & time
duration of at least 10 milliseconds.

(1) Normal upright.

(2) Suspended upside down.

(3) At positions such that the longitudinsl axis
of the equipment successively forms angies of plus 90°
and minus 90° (two positions) with the plane of the table.

(4) At positions such that the lateral axis of the
equipment successively forms angles of plus 90° and minus
90° (two positions) with the plane of the tabie.

b. After application of the shocks, determine com-
plisnce with the applicable standards of paragraph 3.0,
“Minimum Performance Standards under Environmental
Test Conditions’” of the appropriate FAA airborne elec-
tronic equipment Minimum Performance Standards.

6.2 Crash Safety Shocks. Apply, in each of the
six equipment positions listed in paragraph 6.1, one shock
‘having & peak accelerstion of st least 15G snd s time
duration of at ieast 10 milliscconds. After application of
the six shocks, determine compiiance with the applicable
standards of paragraph 3.0, “Minimum Performance
Standards under Environmental Test Conditions’ of the
appropriste FAA sirborne electronic equipment Minimum
Performance Standards.

Norr: During this test, an equivalent weight may
be substituted for the electrical and mechanical eompo-
pents normally mounted within or on the equipment
case. Such equivalent weight shall approximate the
weight of the components which it replaces and shall be so
Jocsted that the center of gravity of the equipment is
essentially unchanged. The equivalent weight shall not
contribute to the strength of the equipment case or ijts
mounting fastenings to & greater extent than the compo-
nents it replaces.

7.0 Vibration Tes!.

7.1 Test Procedure.

¢. So secure the equipment under test to a vibration
table that sinusoids! vibrstory motion is exerted parallel

iV 1800 &), WORLIIIUC VIUTaLILE LHE TQUipiiseiit a8 uam
manner for & period of at least ninety (90) minutes.

¢. Determine compliance with the applicable stand-
ards of paragraph 3.0 “Minimum Performance Standards
under Environmental Test Conditions”” of the appropriste
FAA airborne electronic equipment Minimum Performance
Standards.

d. Repeat the procedures speciied in paragraphs
7.1 6., b, and c., with the vibratory motion applied ins
direction paralie] to the laters! axis of the equipment.

¢. Repeat the procedures specified in paragraphs
7.1 a., b., and c., with the vibratory motion applied in 8
direction parallel to the vertical axis of the equipment,

/. If the equipment is to be tested under a vibration
category which requires vibration tests in the $5 to 500
cycle frequency range, repeat all of the above test pro-
cedures, but starting at 55 eveles and running to 300
cveles and returning to 55 cycies with the excursion so
adjusted for each f{requency as to produce the constant
scceleration figure specified in Table 2.4

TABLE 2. CATEGORIZATION OF AIRCRAFT VIBRA-
TION CHARACTERISTICS BY AIRCRAFT TYPES
AND LOCATIONS THEREIN

INSTRUXEINT
PantLs (Visza- | ANY Lo-
FUSELAGE | T1ION PROTZCTED {CATION XOT
o OTnERwise) | SPECINED

axd IsoLated

AIRCRAT? DEacRIrFrioN

Racxy
Rotary wing atreraft A 4
Turdo engise fmd wing
stremaft C

Pisop engine med wing
sircraft, beavy muiti-
engine type (Over 12,500
bs.) ) 3 r D

Piston engide fixed wing
sircraft, hgbt multi-
engine type (Under .
12,500 ibs.) | F 1 4 ) 4

Piston engine fized wing .
sireralt, light singie en. |
gine type (Under 12,500 .
Ibs.) i F : ¥ ) 4

e ———

¢« Optionally, vibrstory moticn msy be 8r3t appled to any axis of the
equipment. f.¢., Isteral, vertical or lopgitudinal. ADy sequence thervafter
is permisidie.

s Esther a lipear or logaritbmic sweeD (scan’ may be used.

¢ Optionally. the tests specifed in parsgraphs 71 6. 0. ¢.. d. ¢ and /.
msy be combined. if desired, with a tofal sueep time of fro 2 W0 € Minutes
254 5 total uDe of 180 mIBULes.
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Cstegory D—Constant total excursion of 0.030"" from
10 to 55 ¢.p.s. with s maxiroum acceleration of $G.

Category E—Constant total excursion of 0.020’’ from
10 to 55 ¢.p.s. with a maximum acceleration of 3G.

Category F—Constant total excursion of 0.010"" from
10 to 55 ¢.p.s. with a maximum acceleration of 1.5G.

8.0 Temperature Variation Test. BStabilize the
equipment temperature 8! the sppropriate Operating Low
Temperature specified in Table 1, at ambient room atmos<-
pheric pressure with the eguipment not operating?
Operate the equipment at maximum duty evelefors period
of 15 minutes. beginning with +ON"" evcle in the casc of
equipment designed for intermittent duty serviee, with the
voltage and frequency of the primary power source
sdjusied to standard valuce. Incresse the temperature
of the air in the test chamber to the Operating High
Temperature specified in Tablc 1, st » rate ® not exceed-
ing 1° C. per minute. In the interval between the time
that the equipment temperature stabilizes st the Sppropri-
ste Operating Low Temperature and the time it stabilizes
a1 the appropriate Opersting High Tempersture, determine
compliance with the spplicable standards of paragraph
8.0, “Minimum Performance Standard: under Environ-
mental Test Conditioné™ of the appropriste FAA Airborne
Electronic Equipment Minimum Performsnce Standards.

8.1 Alternate Test Procedure. 1t is permissible to
eombine thc temperature varistion test and the
tempersture-sititude  test. In this case, proceed as
foliows:

(1) Conduct that portion of the tempersture-
altitude test specified in parsgraph 4.1,

(2) Increase the tempcrature of the air in the test
Chamber to the High Operating Temperature specified in
the spplicable category of Table 1 st a rate * not exceeding
1° C. per minute. In the interval between the time that
the equipment temperature stabilizes st the appropriste
Low Opersiing Temperature and the time it stabilises at
the appropriate High Extended-time Operation Tempers-
ture, determine compliance with the applicable standards
of paragraph 3.0, " Minimum Performance Standards under
Environinental Test Conditions™, of the appropriste FAA
Airborne Electronic Equipment Minimum Performance
Swandards. )

. (3) Conduet those portions of the Temperature-
Altitude Test specified in paragraphs 4.2a. through 4.3b.
9.0 Power Input Test.

————

* The purpase of this L B to determine eertaln perfarmane charsrteris.
tis of the enuipment o1 various terpperatres heteeen the Omerating Low
Temperaturr and the Extended tite Operation Righ Temprralure specited
t» the spplicable Category of Table 1.

o 3t destred, this rate Ty, If DOOESATY, be reduced 10 3070 to permit meas-
oreroents to v taken

o I desired, this rate may, if Decmary. e reduced 10 370 L0 Permit Meas-
SreDents L0 be takeD.

4

+10%.

(3) In the case of equipment designed to opersate
from s.c. primary power sources of variable frequency,
such as 300 to 1,000 c.p.s, adjust the primary power
voltage to 1107 of design voltage and the frequency to the
highest for which the equipment is designed. The crest
factor shall be 1.4, 210%.

Noze: For the purposes of this test, equipment which
derives a.c. power from an inverter provided exclusively for
the equipment shall be considered as d.c. operated.

. Operate the equipment &t maximum duty cyele for
30 minutes, with the primary power adjusted as specified in
paragraph 9.1e. Determine compliance with the appli-
cable standards of paragraph 3.0, “\Minimum Performance
Standards under Environments! Test Conditions'’, of the
sppropriste FAA airborne electronic equipment Minimum
Performance Standards during this 30-minute period.

¢. Adjust the primary power input as follows:

(1) In the ease of equipment designed to operste
from s d.c. power souree, sdjust the primary power voltage
to 905, of the design voltage.

(2) In the ease of equipment designed to operate
from s.c. primary power gources of essentially constant
frequency, such as 400 ¢.p.s., sdjust the primary power
voltage to 90F of the design voltage and the frequency to
no higher than 95% of design frequency. The crest factor
shall be 1.4 £10%.

(3) In the case of equipment designed to operate
from s.c. primary power sources of varisble frequency,
such as 300 to 1,000 c.p.s., adjust the primary power volt-
age to 90% of design voltage and the frequency to the
Jowest for which the equipment is designed. The crest
fac or shall be 1.4 £10%.

Notr: For the purposes of this test, equipment which
derives a.c. power from 8n {nverter provided exclusively
for the equipment shall be considered as d.c. operated.

d. Operate the equipment ot maximum duty evele for
s period of 30 minutes with the primary power adjusted as
specificd in paragraph 0.lc. Determine compliance with
the applicadle standards of paragraph $.0 “Minimum
Performance Standards under Environmental Test Con-
ditions”’ of the appropriste FAA sirborne electronic equip-
ment Minimum Performance Siandards during this 30
minute period.

9.2 Lou Voltege Test.

s. A.C. and D.C. Equipments. Operste the equip-
ment st maximum duty evele for s period of st least 30
minutes at an input power voltage(s) 80% of standard
test voltage(s) in the case of d.c. equipment, OF 87% % of
standard test voltage(s) in the casc of a.c. equipment.
During this period, determine eompliance with the appli-
eable standards of paragraph 3.0, “Minimum Performar
Standards under Environmental! Test Conditions’", of |
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(2) With the equipment operating, reduce the
input power voltage(s) from 1009, to 509, of standard
test voltage(s) and continue the reduction of the input
power voltage(s) from the 509 level to zero input volt.
age(s) at a rate not greater than 29, of the standard test
voltage(s) per minute. Determine compliance with the
applicable standards of paragraph 3.0 “Minimum Per-
formance Standards under Environmental Test Condi-
tions” of the appropriste FAA Airborne Electronic
\ipimum Performance Standsrds.!

Norte: For the purposes of this test, equipment
which derives a.c. power from an inverter provided exclu-
sively for the equipment shall be considered as d.c. operated.

10.0 Conducted Voltage Transient Test.

10.1 Intermittent Transients. With the equip-
ment operating at its normal input voltage(s), apply to
esch of the d.c. primary input power lesds a series of
positive and negstive voltage transients having the charac-
teristics (amplitude snd wave form) sppropriste to the
applicable normal d.c. input voltages specified in Figure
1, for & period of at least ten (10) seconds snd at s rate of
not less than two (2) transients per second. Immediately
after the ten second period, determine compliance with
the spplicable standards of paragraph 3.0, “Minimum
Performance Standards under Environmental Test Con-
ditions”, of the appropriste FAA Airborne ‘Electronie
Equipment Minimum Performance Standards. The posi-
tive and negative transients should be developed, applied
and monitored in & manner similar to that shown in
Figures 2and 3.

10.2 Repetitive Trensients. With the equipment
opersting at its normal input voltage(s), apply to each of
the d.c. primary input power leads s series of positive vol-
tage transients having the characteristics (amplitude and
wave form) sppropriste to the applicable normal d.c. input
voltages specified in Figure 1 at s rate of not less than two
(2) transients per second and, simuitaneously, determine
compliance with the spplicable standards of paragraph 3.0,
“\Minimum Performance Standards under Environmental
Test Conditions” of the appropriste FAA Airborne
_Elcctronic Equipment Minimum Performance Standards.
The positive voltage transients should be developed,

" The parposc of this test I8 to determine thow conditions resuiting from
decreased voltageis) (such a8 relay chatter), the presence or coptinustion of
which wonld coatridbute to malfunctioniog of the equipment at sandard test
voltage(s).

11 The purpose of this test 15 to determine whether the reductios of the
1nput power voltage(s) from sandard test voltage(s) to gero taput voRkage(s)
produces evidence, citernal to the cquipmeat, of smoke or firc.

When conducting this test, all equiproent interconpecting
eables and RF transmission lines shall be in accordance
with the manoufacturer's installation wiring disgram and
shall use shielded or twisted wires only where specified.
Where no length of interconnecting cables is specified, the
cabies shall be at least five (5) feet long. Any inputs or
outputs from or to other equipment(s) normally associsted
with the equipment under test shall be adequately simu-
lated.

11.2 A.C. Input Power Leads. Apply s sine wave
audio frequency signal in series with each ungrounded a.c.
input power lead. With the frequency of this signal suc-
cessively adjusted to the second harmonic of the a.c. power
frequency and to each next higher order harmonic up to
9,000 cycles, maintain the r.m.s. amplitude of this signsl at
not less than 55 of the nominal a.¢. input voltage and de-
termine complisnce with the applicable standards of pars-
graph 3.0 ‘‘Minimum Performance Standards Under
Environmenta! Test Conditions™ of the sppropriste FAA
Airborne Electronic Equipment Minimum Performance
Standsrds. When conducting this test, all equipment in-
terconnecting cables and RF transmission lines shall be in
accordance with the manufscturer's instslistion wiring dis-
gram snd shall use shielded or twisted wires only where
specified. Where no length of interconnecting cabies is
specified, the cables shall be st least five (5) feet long. Any
inputs or outputs from or to other equipment(s) normally
associsted with the equipment under test shall be ade-
quately simulated.

12.0 Audio Frequency Magnetic Field Suscepti-
Sility Test.

12.1 Caste ories of Equipment. For the purpose of
this test, equipment is categorised as foliows:

Category A—Equipment which is intended for installs-
tion in sn sircraft which has an a.c. power source having &
rating of 250 VA (volt-amperes) or greater.

Category B—Equipment which is intended for installs-
tion in an sircraft which has sn a.c. power source having &
rating of less than 250 VA, or which has no a.c. power
source whatever.

12.2 Test Procedure.

Category A—FExpose the equipment under test to an
sudio frequency magnetic field which is generated by a 400
c.p.s. current of st least 20 amperes (r.m.s.) flowing in &
straight wire radistor, which is withis 12 inches of the
periphery of the unit of equipment under test, and deter-

2 This test applies to equiproent desigoed to Utilize d.c. primary powwr
which s furnished by the atrcraft’s electrical system. Equipment designed
to operats soicly on 8.c. PriArY powet aced not be subjected to this tast.
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shall be routed atl least two feet away from any part of tne
unit under test and from the radiator itself. Al units of
the equipment under test shall be individually tested.

Category B—XNo test of Category B equipment is
required.

13.0 Radio Frequency Susceptibility Test (Radi-
ated and Conducted). For the purposes of this test, ¥
equipment is categorized as follows:

‘Category A—Equipment which is intended for installa-
tion in aircraft having & Maximum Weight of more than
12,500 pounds.

Category B—Equipment which is intended for installs-
tion in sircraft having s Maximum Weight of 12,500
pounds, or less.

13.1 General Requirements.

a. The equipment under test shall be set up on &
ground plane and operated in accordance with the follow-
ing criteria:

(1) Ground Plane.—A copper or brass ground plane,
0.01 inch thick minimum for copper, 0.025 inch thick
minimum for brass, 12-square {eet or more in srea with 8
minimum width of 30 inches, shall be used. In all eases
where 3 shielded room is emploved, the ground plane shall
be bonded to the shieided room st intervals no grester
than 3 feet, and at both ends of the ground plane.

(2) Shock and Vibration 1solators.—The equipment
under test shall be secured to mounting bases incorpo-
rating shock or vibration isolators, if such mounting bases
are specified by the equipment manufscturer. The bond-
fng straps furnished with the mounting base shall be con-
pected to the ground plane. Where mounting bases do
not incorporate bonding straps, bonding straps shali not
be used in the test setup.

(3) Bonding.—Only the provisions ineluded in the
design of the equipment and specified in the installation
instructions shall be used to bond units, such as equipment
ease and mount, together or to the ground plsne. Where
bonding straps are required to eomplete the test setup
they shall have a length not grester than S times the widtih,
shall have s minimum thickness of 0.025 inch, and shall
be copper or brass metal straps, not braid. Connections
made with such bond straps shall bave clean metal-to-
metal contact.

(¢) Externs! Ground Terminal.—-When an external
terminal is available for a ground eonnection on the equip-
ment under test, this terminal shall be connected to the
ground plane if the terminal is pormally grounded in the
installation. 1f the installstion eonditions are unknown,
the terminal shall not be grounded.

—————

2 gee “Introduction™ of Appendit A for taformation eb the relstionship
Detween the emission of spurious radic frequency energy from electrics! snd
elactronic equipment tastalied in an sirerall and the levels of radio frequency
mlu&umﬂﬁaﬂumrﬁm
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of the norra! antenna, and should be shielded. It shall
eontain electrical components which are used in the pormal
antenna (such as fiters, erystal diodes, synchros, motors,
etc.).

b. Test instruments shall be set up and operated in
accordance with the following eriteria:

(1) Bonding.—Interference meters used for meas-
urement during the “conducted” test shall not be bonded
to the ground plane except through the interconnecting
coaxial cable. The counterpoise on rod antennas shall be
bonded to the ground plane with s strap of such length
that the rod antenna can be positioned correctly. The
strap shall be as wide as the counterpoise.

(2) Powerline Stabilizsstion Network.~—One stabili-
gation network shall be inserted in each ungrounded
primary input power lesd of the equipment under test.
The network enclosure shall be bonded to the ground
plane. The network shall be eonstructed in sccordance
with Figure 4. The input impedance characteristics of
the stabilization network are shown in Figure 5.

(3) Antenns Orientation snd Positioning in
Shielded Enclosures.—The rod or dipole antennsa shall be
located as shown in Figures 6 or 7. The rod antenns shall
be 30 placed that the antennaisins vertical position. The
rod antenna shall be locsted at the point where mazimum
radistion pickup is obtained when it is moved along 8 line
parallel with the edge of the ground plane. Those meas-
urements which use 8 resonate dipole antenna shall have
the dipole positioned parallel with the edge of the ground
piane. The dipole antenns shall be centered 12 inches
< 1 inch above the level of the ground plsne. The rod or
the dipole sntenna shall be located at the distance from the
equipment under test specified in Figures 6and 7. When
the dimensions of the dipole antenns become smalier than
the test lavout, the antenns shall be moved parallel to the
edge of the ground plane to keep {ts sensitive elements
adjacent to the point of maximum radistion. At fre-
quencies from 25 up to and including 35 megacyeles, the
measurements shall be taken with the dipole antenna ad-
justed to resonance 8t 35 megacyeles. The dipole antenna
shall be adjusted to resonance st all frequencies above 35
megacycles. In screen room tests, the antennas shall be
st least 1 foot away from ady wall.

13.2 Conducted Redio Frequency Susceptidility
Test. With the equipment under test in a man-
per similsr to that shown in Figure 8 apply through the
powerline stabilization petwork an RF signal modulated
309, at 1,000 c.p.s. between each ungrounded primary
input power lead and ground. Determine eomplisnce
with the applicable standards of paragraph 3.0 “Minimum
Performanee Standards under Environmental Test Condi-
tions” of the appropriste FAA Airborne Elcetronic Equip-
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Test. Expose the equipment under test to a radio fre-
quency fieid, the levels of which (versus frequency) are
specified in Figures 11 and 12 for Category A and Category
B installations, respectively. The voltages specified in
Figures 11 and 12 are those existing across the radiating
antennsa terminsls. The test signal shall be modulated
30% at 1,000 c.p.s. The type of radiating antenns to be

o BEs TG HNE slabilization networks shall be arranged
in accordance with Figure 6, when using the rod antenna,
and Figure 7, when using the dipole antenna. During
this test, determine compliance with the spplicable stand-
ards of paragraph 3.0 “‘Minimum Performance Standards
under Environmental Test Conditions™ of the appropriate
FAA Airborne Electronic Equipment Minimum Perform-
ance Standards.
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FOR
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Fictar 4.—Powerline stabilization network schematic diagram.

ENCLOSURE DATA: 14 GAGE (B & §) ALUMINUM SU

FORM DATA:
EACH END.
COIL DATA:
WIRE DATA: AWG 6, 600 VOLT, .310 IN. DIA (OD).
CAPACITOR:

GGESTED SIZE 93; IN. BY 4 BY 4 IN.
5}¢ IN. LENGTH, 3 IN. DIA (OD), .125 IN. WALL DRILL % IN. HOLE %, IN. FROM

Li=5 MICROHENRIES, 13 TURNS SINGLE LAYER, 4 IN. WINDING LENGTH.

(FOR 50 AMPERE NETWORK.)

C1 SHALL BE MOUNTED ON 1 IN. INSULATING BLOCK ABOVE GROUND.

CAPACITOR DATA: Ci=.1 UF. 600-VOLT DC, BATHTUB.
C2=1 UF, 600-VOLT DC, BATHTUSB, SINGLE TERMINAL CASE MOUNTED ON

GROUND.
RESISTOR DATA:
1.

R1=5000-OHM, SWATT CARBON.
The values given for the component parts of the network are nominal. Regardless of the construction or devistion

from nominal values, the network must have an impedance within 20 percent of that given in Figure 5.
2. Connecting leads to condensers and resistors should be as ncarly as possible to zcro length.

3. Networks may slso be constructed having a l-ohm

serics resistor between the line and capacitor C2. This l-ohm

resistor shall be made up from ten 10-ohm, l-watt composition resistors.

4. The data given in this figurc is suitable for the construction of 50-amperc networks.

Other current.carryving net-

works mayv be constructed by changing the wire size given for the coil and the size of the over-all enclusure.
5. The 50-ohm transmission line should be extended within the enclosure right up to the location where it counects

with capacitor C1.
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14.0 Explosion Test.
14.1 Application and Conditions of Test.

a. Application and Categories of Equipment.

(1) It is recognized that installstion practices in
eivil sircraft and in many non-civil transport aireraft nor-
maliy do not require the installation of equipment in loca-
tions where an explosive satmosphere may exist in the course
of normal aircraft operstions. Forsuch installations, the
Explosion Test is not spplicable and the equipment is
" desiznated as Catezory X equipment.

(2) Itis also recognized that, in special applications
and in specis] purpose sireralt, equipment may be instalied
in locstions where an explosive stmosphere may exist in the
ecourse of normal aircraft operations. For these instalia-
tions, the Explosion Test is applicable and the equipment
is designated as Category “E’’ equipment.

b. Apparstus. The test chumber shall be a type
eapable of providing the test environment. A suitable
test chamber is described in Military Specifieation MIL~
C-9435.

¢. Fuel
line.

d. Failure Criteria. It the cquipment esuses explo-
sion at any of the tast alitudes, it shall be eonsidered to
bave failcd to pass the test and no further trisls need be
sttempted.

The fuel used shall be 100130 octane gaso-

12
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s. Applicability Ezceptions. Bealed equipment, eon-
pecting wires, and eables shall be considered explosion-
proof and require no test.

J. Genera! Conditions.

(1) When necessary, large items of electrieal equip-
ment, such as motors, large relsys, etc., shall be prepared
for expiosion-proof testing by drilling and tapping openings
ip the case for inlet and outlet connections to the fuel vapor
air mixture circulsting system and for mounting s spark
plug. The spark plug is used only for igniting the vapor
air mixture in the equipment to insure the presence of an
explosive mixture inside the equipment oo test. 8mall
items of equipment such as switches, eireuit breakers, etc.,
shall not be drilied and tapped for mounting s spark piug
when it is not practicable.

(2) When the expiosion-proo! test of paragraph
14.2a.(2) is being performed, dust or other suziliary eovers
pot intended to be explosion-proof may be removed or
loosened to facilitate penetration of the explosive mixturs.

14.2 Test Procedures.

e. Procedure I. This procedure is designed to deter-
mine the explosion producing characteristics of equipment
not provided with cases designed to prevent flame or
explosion propagation.’

» Ser additional test prosedure EBder paragrspd 1.
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(1) Preparstion for Test.

(a) The equipment shall be installed in the test
chamber in such s manner that normal electrical operation
is possible snd that mechanicsl controls may be opersted
through the pressure sesls from the exterior of the cham-
ber. All externsl covers of the equipment shall be removed
or opened to insure adequate circulation of the explosive
mizture. Large equipment, comprising multiple units,
msy be tested one or more units at & time by extending
electrical connections through the cable port to units
jocated externally.

() The equipment shall be operated to deter-
mine that it is functioning properly and to observe the
loeation of any sparking or high tempersture components
which may constitute potential expiosion hazards.

(¢) Mechanical loads on drive assemblies and
servomechanical and electrical loads on switches and relays
may be simulated when necessary, if proper precsution
is given to duplieating the normal load in respect to
torque, voltage, current, inductive resctance, ete. In all
instances, it is preferable to operste the cquipment as it
pormally functions in the system during scrvice use.

(2) Test Procedure. The test shall be conducted
at test altitudes of ground level to 5,000 feet, 20,030 feet,
and 40,000 feet, except that the highest test sititude shall
oot exceed the design requirement of the equipment.

_ (@) The test chamber shall be sealed and the
ambient temperature within shall be raised to +7123°C,,
or to the maximum temperature for which the equipment
is designed to operatc (if lower than 71° C.). The temper-
ature of the test item and the chamber walls shall be
permitted to rise to within 11° C. of that of the chamber
ambient air, prior to introduction of the explosive mixture.

(5) The internal test chamber pressure shall be
reduced sufficiently to simulste an altitude approximately
10,000 feet above the desired test sltitude. The quantity
of fuel, as determined from Figure 13 shall be introduced
jnto the chamber. A time of 31 minutes shall be
allowed for the introduction and vaporization of the fuel.
Air shall be admitted into the chamber until & simulated
altitude of 5,000 feet sbove the test altitude is attained.

(c) Operation of the equipment shall then be
commenced, all making and bresking electrical contacts
being sctusted. If high temperature components are
preser , 8 warmup time of 15 minutes shall be permit-
ted. If no explosion results, sir shall be admitted into
the ehamber s0 8s to steadily reduce the altitude below
the desired test altitude to an elevation 5,000 feet below
that sltitude. The operation of the equipment shall be
contintous throughout this period of sititude reduction
and all making and breaking clectrical contacts shall be
operated as frequently 8s posaiblc.

13
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propagation Ol INIETRIA CASE TARDIIVES-
(1) Preparation for Test.

() The case, with the equipment in position
within, shall be installed in the explosion chamber. Testing
shall be accomplished without consideration of the equip-
ment operating charscteristics; sccordingly, the equipment
need not be operated. Adequate circulation of the
explosive mixture throughout the case shall be provided
by optional means.

(b) 1f it is necessary to drill the case for insertion
of a8 hose from s blower, adequate precaution shall be

——————

13.5ee 3dditiona) test procedure under parsgrabh 14.20

(@) The chamber shall be sealed ang the 1nternal
pressure reduced sufficiently to simulate an altitude
between locsl ground level and 5.000 feet. The ambient
chamber temperature shall be at least 25° C. Anesplosive
mixture shall be obtained within the test chamber. (See
paragraph 14.2a.(2)(b).

(b) The internal case ignition source shall be
energized, in order to cause ag explosion within the case.
The occurrence of an explosion within the case may be
detected by use of a thermocouple inserted in the case and
connected to & sensitive galvagometer outside the test

$0
\ NOTE: The amount of fuel will vary with ambient
humidity, chamber temperature, fuel
teapersture and stmospheric pressure. The
\ volume occupied by the equipment must be

«© \

Approximste Quantity of 100/130 Octane Aviation Gasoline
required per cubic foot of air for Optimus Explosion.

suotracted from the volume of the chamber
to determine the quantity of fuel required.

FIGURE 1)
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frequency energy that any one electrical or electronic
equipment in that sireraft will emit. It is concluded,
therefore, that if the foregoing RF Conducted and Radiated
Susceptibility Tests sre to achieve their intended purposes,
s compatible standard on the maximurm permissible level

accordingly, one oOf the fJoliowing stancaras i(and
associated test procedure), as appropriate for the maximum
weight of the aircraft in which the electrical/electronic
equipment is intended to be installed must be applied
to each unit of equipment incorporated in such installation

17






DOt appear on any power line normally connected 1o an
aireraft bus or other equipment.

¢. Radisted RF Interference. Radisted interference
fields geperated by the equipment within the frequency
ranges and in excess of the values shown in Figures 20,
21, 22, and 23 for Categories A and B, respectively, shsll
not be radiated from any unit, eable (including, but not
limited to, control, pulse, i-f, video, antenna transmission
and power cables) or interconnecting wiring. This
requirement includes, but is not limited to, oscillator
radistion, other spurious emsnations snd broadband
interference. This does not include radistion emsnating
fromn antennas or, ib the case of transmittery, sny radiation
on the selected frequency = 50% of the band of frequencies
between adjacent channels.

Note: The emission of spurious radio-frequency
energy from the equipment resuiting from manusl opera-
tion of switches, but not including any electrical or electro-
mechanicsl operations resulting from manual operstion
of switches, may exceed the limits stated in parsgraphs
1.0b. and 1.0c. if its duration does not exceed one second.

2.0 Test Procedure.

a. Equipment Required.

(1) Ipterference measuring instrument.—Empire
Devices Model NF-105 (including heads and antcnnas),
or equivalent.

(2) Line stabilization petworks that meet the
requirements of paragraph 2.b.(2)(d).

b. Geperal Requirements.

(1) The equipment under test shall be set up on 2
ground plane and operated in accordance with the following
criteria:

(0) Ground Plane.—A copper or brass ground
plape, 0.0} inch thick minimum for copper, 0.025 inch
thick mipimum for brass, 12-square feet or more in ares
with & minimum width of 30 inches, shal) be used. Inall
cases where a shielded room is employed, the ground plane
shall be bonded to the shielded room at intervals no
greater than 3 feet and at both ends of the ground plane.

() Shock and Vibration Isolators.—The equip-
ment under test shall be secured to mounting bases
incorporating shock or vibration isolators, if such mounting
bases are specified by the manufscturer. The bonding
straps furnished with the mounting base shall be connected
to the ground plane. Where mounting bases do not
incorporate bonding straps, bonding strars shall not be
used in the test setup.

(¢) Bonding —Only the provisions included ir
the design of the equipment and specified in the installation
g instructions shall be used to bond units, such as equipmest

Af) JDCICOHL.LUIllg  LaVIES. TRl TRyt es
interconnecting cables and RF transmission lives shall
be in accordance with the -manufacturer’s iostaliation
wiring diagram and shall use shielded or twisted wires
only where specified. Where no length of interconnecting
cables is specified, the cables shall be at least five (£)]
feet long. Any inputs or outputs from or to other equip-
ments associated with the equipment under test shall be
adequately simulated.

(f) Dummy Antennss.—The dummy antenns
shall have electrical characteristics which closely simulate
those of the normal antenna, and should be shielded.
It shall contain electrical components which are used in
the normal antenna (such as filters, crystal diodes,
synchrus, motors, ete.).

(2) Test instruments shall be set up and operated
in accordance with the following eriteria:

(a) Bonding.—Iuterference meters used for
measurement during the ‘‘conducted” test shall not be
bonded to the ground plane except through the inter-
conpecting cosxial cable. The counterpoise on rod
aptennsas shall be bonded to the ground plane with &
strap of such length that the rod antenna can be positioped
correctlv. The strap thall be as wide as the counterpoinc.

(b) Powerlinc  Stabilization  Network —Ope
stabilization network shall be inserted in each ungrounded
primary input power lead of the cquipment under test.
The petwork enclosure shall be bonded to the ground
plage. The network shall be made in accordance with
Figure 14. The input impedance characteristics of the
stabilization network are shown in Figure 15.

(¢) Antenns Orientation and Positioning in
Shielded Enclosures—The rod or dipole antenns shall be
located as shown in Figures 25 or 26. The rod sntenna
shall be so placed that the antenna is in & vertical position.
The rod antenna shall be located at the poin. where maxi-
mum radiation pickup is obtained when it is moved along
s line paraliel with the edge of the ground pisoe. Those
measurements which use a resonant dipole antenns shall
have the dipole positioned paraliel with the edge of the
gound plane. The antenna shall be centered 12 inches
41 inch above the level of the ground plane. The rod
or the dipole antenna shall be located at the distance from
the equipment under test specified in Figures 25 or 26.
When the dimensions of the dipole antenna become smaller
than the test layout, the antenna shall be moved paralle!
to the edge of the ground plane to keep its sensitive ele-
ments adjacent to the poiot of maximum rsdiation. At
frequencies from 25 up to and including 35 megacyeles,
the messurements shall be taken with the dipole antenns
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FicURE 14.—Powerline stabilization network schematic diagram.

ENCLOSURE DATA 14 GAGE (B & §) ALUMINUM SUGGESTED SIZE 9% IN. BY 4 BY 4 IN.

FORM DATA: 5, IN. LENGTH, 3 IN. DIA (OD), 125 IN. WALL DRILL % IN. HOLE Ju IN. FROM
EACH EXND.

COIL DATA: Li=5 MICROHENRIES, 13 TURNS SINGLE LAYER, 4 IN. WINDING LENGTH.

WIRE DATA: AWG 6, 600 VOLT, .310 IN. DIA (OD). (FOR 50-AMPERE NETWORK)

CAPACITOR: C1 sHALL BE MOUNTED ON 11N, INSULATING BLOCK ABOVE GROUND.

CAPACITOR DATA: Ci=.11F, 600.VOLT DC, BATHTUB.

C2=1 UF, 600-VOLT DC, BATHTUB, SINGLE TERMINAL CASE MOUNTED ON
GROUNXD.

RESISTOR DATA: R1=5000-OHM, 5WATT CARBON.

1.

2.
3. Networks msy slso be eonstructed having a l-ohm scrics resistor between the line and capacitor C2. This l-ohm

20

The valucs given for the component parts of the netwaork are nomiusl. Roegardiess of the construction or devistion
from nominal values, the network must have an impedance within 20 percent of that given in Figure 15.
Connecting leads to condenscrs snd resistors sheuld be as nearly as possible to zero length.

resistor shall be made up from ten 10-ohm, 1-watt composition resistors.

. The dats given in this figurc is suitable for the construction of SO-ampere networks. Other current—carTying

petworks may he constructed by changing the wirc size given for the coil and the size of the over-all enclosure.

_ The 50-ohm trausmission line should be extended within the enclosure right up to the location where it connects

with capacitor Cl.



10

FIGURE 15

Input fspedance st “equipment
under test® termissl of
stadilizstion netwirk with the
®coaxisl terninal for sigmal
generator® terainated ia 50 ohas,
Spower seurce® termiaal epea.

d

o3

PRBQUINCY IN MEGACYCLRS

10 t ] »

21



FIGURE 16
Maximun level of conducted CW
interference from any one
equipment, using stabilization
network, Category A.
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DB ABOVE ONE MICROVOLT AT INPUT TO LINE STABILIZATION NETWORK
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FIGURE 17
Maxisum Level of Conducted CW
Interference from any one
equipment, using stabilization
network. Category B.
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FICRE 18
Mximun level of conducted broads
dand and pulsed CW interference

from any one equipment, using
stabilization network, Categoary A
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DB APOVE ONE MICROVOLT/MC AT INPUT TO LINE STABILIZATION NETWORK
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DB AROVE ONB NICROVOLY, ANTENNA TNDUC

09 ABOVE ONB NICROVOLT, ANTENNA INDUCED
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® Interconnecting Cables to be bundled for
st least four (4) feet and supported mot
less than 2" above ground plane

Power

Leads
ine Stabilization Networks

Isterference

Meamriag
Iastrument

Ground Plane
Ficuar 24.—Arrangement of equipment for conducted RF interference test.
Onite of Bouipment Undet Test
Line
Stabilizsation
e tworks
4 Peet® /
[ 3 "
L L
’ $O oba
‘ Terainsti Bonded -—“" / '/ \ :
tound Plane
Csbh‘” a1 ’
Isterferanse F 2% -
samring 431° Bad Astemms
Isstrunmnt
® Interconnecting cables te be bundlied 20% Square Cousterpoise
for st lesst four (4) feet and st same level of, or not
2% sbove the moze than ¢* below,
ground plame

supported oot less thas

ground plane
Fioum: 25. Location of rod antenna and arrangement of equipment.



Units of Bquipment Usder Test

Lise
Stadilizstice
Networks
'4
DIMOLE
: 4 Feer®
4" N —

L
Terainations ; [ d
: tound Plane

¢ Interconnecting cables to de bdundled for
8t least four (4) feet and supported not

Isterference
less than 2® above the ground plane \cnu to Measuring

Instrument

*¢ Dipole to dDe 12(41)"
sbove the ground plase

Firvne 26.—Location of dipole antenna and arrangemcent of equipment,
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